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Themotion of individual linear instability waves in shear
flows is well deseribed by existing theoretical and nurner-
ical methods. However, naturally occuring sources pro-
duce cohierent wave motions wit 1 b roadband spanwisc-
wavenumler and frequency spectra, and the different
spect ral components interact both i linearly aud nonlin-
carly. The simplest possibleexamnple of such wave mo
tion is the wave patternproducedby a small-amplitude
harmonic pointsource in a Blasius boundary layer. Iiven
this example offers a chiallenge to both the theorist and
experimenter. We attemnpt to meet tnis challenge nu-
merically by a series of calculati ons for the para me-
tors of three diflferent experiments using, locally-parallel
lincar stability theor y (1 .S7T), the Parabolized Stabil-
ity Iiquations (1> SI8) and Direet Numerical Sitnulation
(DNS). “1 'he calculations illustrate the strengths and
weaknesses of the different methods, the extent to which
the methods agree ordisagree, and, finally, tile extent
to whichagreement with the measurcments can be at-
tained, given that the experiments also have their own
diflicultics. With the assumption of a uniform initial
spanwisc-wavenumberspectiumn, there is little difference
between thie 1 °SE wave pat tern near the level of maxi-
murn amplitude and 1.ST. 1 1 contrastt ocarlier conclu.
sions,nonparallel ¢ flects are ininin al. Cornparisons with
1 hemeasurernents snow astrong influence of the source.
Some of this eflcet can be caplured by use of a suitable
init jal spanwise-waven minber spectrum, butthedisagiee-
ment inthe near-field and close to the centerline in the
far-ficld canonly be resolved by a high-resolution DNS
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1 Introduction

Much of the existing wor k 011 unstable waves in shear
flows is devoted to the s! udy of cit her individual lin-
car waves o1the nonlincar interaction of only a few
waves. These wavernotions are well described by exist-
ing theoretical and numnerical methods, However, natu-
rally occuring sources do not often p roduce pure in sta-
bility inodes, evenintwo-dimensional (21)) shear flows,
but rather wave motions with b road spectr a of spau-
wise wavenmnbers ar I(1 frequencies.  1f the source is
sufliciently concent rated, the wave motion is coherent,
and the different spectral compon ents int er act lincarl y
as well as noulincarly. If the initial amplitude is small
cuough to climinate nonlincarity, the subscquent wave
mot jon can he obtained cither by lincar superposition
of a greatimany 1odcs, or by asymptotic methods, p ro-
vided the initial spectra are known. T1ie siinplest pos-
sible exaanple of such a lincar wave motion is the wave
pattern produced by a harmonic pointsource (111°S) in
a Blasius boundary layer.

The first work onthis prronicir wasa well-documented,
detailed experiment by Gilev, Kozlov & K achanov ., !
The wave notionin this experiment was cutirely lincar.
A more limited experiment, plus a calculation of the
wave pattern, was carried out by Mack & Kendall®d 4 °
The caleulations used Jocally-par-allel lincar stability the-
o1y (1.87) t ogether with the assumnption of a uniform
initial spectrum. Although the phiase calculations were
in good agreement with the measurements, a lavge dis-
apgrecment with the amplitude measurcments was at-
trilHuted to nonparallel eflccts, becanse the sav ne cor-
rection for boutidat y-layer prowt h that Gaster®used t o
bring his calculations of the wave packet produced by
an impulsive point source into ag reem cut with the ex-
periment of Gaster & Grait,” also brought the calcu-
lated cenderline amplitude of the HPS wave pattern into
agrecment withthe measureinent s, Balakumar & Malik®



